One hundred and six nalidixic acid-resistant Enterobacteriaceae isolates from two Brazilian hospitals isolated from June to October 2010 were evaluated to characterize the co-existence of plasmid-mediated quinolone resistant (PMQR) and extended-spectrum b-lactamase (ESBL) determinants. The qnr genetic environment was determined by PCR and sequencing. Conjugation and hybridization experiments determined whether qnr-carrying plasmids were self-transferable. The aac(69)-Ib-cr and qepA genes were also screened. Thirteen qnr-like genes (12.3 %) were identified, with qnrB1 the most common, followed by qnrS1, qnrB2 and qnrB19. No qnrA, qnrC, qnrD or qepA determinant was detected. All qnr-positive strains possessed chromosomal substitutions in gyrase-and topoisomerase-encoding genes and four harboured a aac(69)-Ib-cr gene. The co-production of bla CTX-M was observed in ten qnr-positive strains. These results indicate the dissemination of PMQR genes shown in clinical isolates from Brazil, and their coexistence with ESBL genes emphasizes the complexity of plasmid-mediated resistance determinants among Enterobacteriaceae.
INTRODUCTION
Plasmid-mediated quinolone resistance (PMQR) was initially described in the late 1990s and has been increasingly reported, although quinolone resistance mechanisms are more often chromosomally encoded (Hooper, 1998; Rodríguez-Martínez et al., 2011) . It has been established that the protein encoded by qnr, the first PMQR determinant described, belongs to a pentapeptide repeat family that protects DNA gyrase and type IV topoisomerase from quinolone inhibition. To date, five types of qnr gene have been recognized: qnrA (seven subtypes), qnrB (42 subtypes), qnrS (four subtypes), qnrC and qnrD (Rodríguez-Martínez et al., 2011) . It has also been reported that qnr determinants could originate from environmental bacteria . Additional PMQR determinants like production of the aminoglycoside acetyltransferase variant Aac(69)-Ib-cr and the active drug efflux pumps QepA and OqxAB, belonging to the major facilitator superfamily (MFS) transporters, have been described (Rodríguez-Martínez et al., 2011) .
The association of PMQR determinants with extendedspectrum b-lactamase (ESBL)-encoded genes has been identified among Brazilian enterobacterial isolates, an occurrence that complicates the natural selection picture, even in the absence of antibiotics. In studies of enterobacterial isolates from outpatients in south-eastern Brazil, Minarini et al. (2007 Minarini et al. ( , 2008 identified a qnrA1 gene on a plasmid encoding SHV-5 in an Enterobacter cloacae strain and a qnrB2 gene in a CTX-M-2-producing Klebsiella pneumoniae strain. Castanheira et al. (2007) reported a FOX-type cephalosporinase in a ciprofloxacin-resistant QnrA1-producing nosocomial strain of Escherichia coli. In addition, qnrA1 and qnrB19 determinants were found recently among Salmonella strains related to outbreaks in the state of Parana, in the south of Brazil (Ferrari et al., 2011) , and Peirano et al. (2011) verified the dissemination of aac(69)-Ib-cr determinants among CTX-M-producing Escherichia coli isolates, the majority belonging to clonal complex (CC) 23 and sequence type (ST).
The aim of this study was to investigate the co-production of PMQR and ESBL determinants among Enterobacteriaceae isolates collected in Brazil.
METHODS
Bacterial isolates and susceptibility testing. A total of 106 nonduplicate Enterobacteriaceae clinical isolates with reduced susceptibility to nalidixic acid were collected between June and October 2010 in two Brazilian hospitals located in the south-eastern region of the state of Minas Gerais, Brazil. All isolates were identified using a MicroScan Autoscan-4 System (Siemens Healthcare Diagnostics), and the results were as follows: Escherichia coli (n561, 57.6 %), Enterobacter cloacae (n523, 21.7 %), Klebsiella pneumoniae (n516, 15.1 %), Proteus mirabilis (n53, 2.8 %), Serratia marcescens (n52, 1.9 %) and Proteus vulgaris (n51, 0.9 %). The majority of the isolates were recovered from urine samples (n587, 82.1 %), followed by surgical wounds (n56, 5.6 %), blood (n54, 3.8 %), catheter tips (n54, 3.8 %), wound swabs (n53, 2.8 %) and tracheal aspirates (n52, 1.9 %). Antimicrobial susceptibility profiles were determined in all isolates by disk diffusion. The MICs of b-lactams and quinolones for qnrproducing isolates and respective transconjugants were determined and interpreted by broth microdilution, according to the method of the Clinical and Laboratory Standards Institute (CLSI, 2011) . Escherichia coli ATCC 25922 and Pseudomonas aeruginosa ATCC 27853 were used as quality control strains in susceptibility tests with results within the expected ranges. Ethical approval was granted by the Research Ethical Committee of the Federal University of Alfenas (23087.001673/2010-50) .
DNA preparation, PCR amplification and sequencing. Genomic DNA was extracted by boiling bacterial colonies for 10 min in sterile distilled water. After centrifugation, the supernatant was used as the DNA template. The presence of qnrA, qnrB and qnrS genes was detected using a multiplex PCR-based technique described previously . Single PCR was used to analyse the qnrC, qnrD and qepA genes with specific primers for each, as reported previously (Zhao et al., 2010) . The aac(69)-Ib-cr gene was amplified using primers Aac(69)-IbF (59-CTTGCGATGCTCTATGAGT-39) and Aac(69)-IbR (59-CCTGGCGTGTTTGAACCAT-39) and differentiated from the original aac(69)-Ib gene by PCR digestion with BstCI (Karah et al., 2010) . PCR analysis of the quinolone resistance-determining region (QRDR) in the gyrA and parC genes was performed as described elsewhere (Brisse et al., 1999) . The whole genetic structure surrounding the qnrB1, qnrB2, qnrB19 and qnrS1 genes was characterized by PCR followed by DNA sequencing using different primer sets, as follows: TnpAqnrB1F (59-GGATACTCAGCCAG-CTGTT-39) and QnrB1R (59-CGGAAATCTGCGCCTTGTG-39); SapqnrB2F (59-GCGTACCTGTCGTTGTTTAC-39) and QnrB2R (59-GCGACGTTCAGTGGTTCAG-39); IS2qnrS1F (59-CGACACGC-CAAGACTTCTG9-39) and QnrS1R (59-CGAAGATCTGCGACAT-CAAA-39). ESBLs were identified as reported previously (Peirano et al., 2011) . PCR products were purified using a QIAquick PCR purification kit (Qiagen). Bidirectional DNA sequencing was performed using a Big-Dye Terminator kit and analysed on an ABI 3500 sequencer (Applied Biosystems). The nucleotide and deduced protein sequences were compared with reference sequences deposited in GenBank.
Pulsed-field gel electrophoresis (PFGE). PFGE of 13 qnr-positive isolates was performed using the restriction enzyme SpeI, as described previously (Pfaller et al., 1992) . Macrorestriction fragments were resolved on 1 % (w/v) agarose gels in 0.5 % Tris/borate/EDTA buffer in a CHEF-DR (contour-clamped homogeneous electric fielddynamically regulated) III Mapper electrophoresis system (Bio-Rad Laboratories) for 23 h at 14 uC using a pulse ramping rate changing from 5 to 60 s at 6 V cm
21
. The results were analysed according to the criteria of Tenover et al. (1995) .
Conjugation, plasmid analysis and hybridization. Conjugation experiments using azide-resistant Escherichia coli J53 as the recipient strain were performed with qnr-positive isolates in liquid culture medium. Transconjugants were selected on trypticase soy agar plates containing sodium azide (100 mg l
) plus nalidixic acid (6 mg l 21 ), and tested by PCR for qnr genes (Wang et al., 2003) . Plasmid DNAs of donor isolates and Escherichia coli transconjugants were extracted using the Kieser technique (Kieser, 1984) . Plasmid profiles and size estimation were determined by electrophoresis using a 0.7 % agarose gel. Reference plasmid DNAs were from Escherichia coli V517 and Escherichia coli R861 Wang et al., 2003) . DNA-DNA hybridization experiments were performed by Southern blot transfer from an agarose gel containing plasmid DNA from WT isolates and their Escherichia coli transconjugants. Labelling of probes and signal detection were carried out using a non-radioactive labelling and detection kit according to the manufacturer's instructions (Roche Diagnostics).
RESULTS AND DISCUSSION
Increasing manifestations of antimicrobial resistance mediated by plasmids, especially PMQR in ESBL-producing clinical isolates of Enterobacteriaceae, have been observed in Brazil (Minarini et al., 2007 (Minarini et al., , 2008 Peirano et al., 2011) . The first qnr gene (qnrA1) described in the country was initially detected in 2007 in an SHV-5-producing Enterobacter cloacae strain (Minarini et al., 2007) , but 1 year later, the presence of qnrB2 was also observed in ESBL-nonproducing Enterobacteriaceae species, all isolated from outpatients (Minarini et al., 2008) .
In this study, qnr genes were detected in 13 of 106 (12.3 %) Enterobacteriaceae isolates, with 82.1 % collected from urine (Table 1) . Among the 13 isolates, 76.9 % carried qnrB genes [qnrB1 (53.8 %) and qnrB2 (15.4 %)], whilst qnrB19 was found in a single K. pneumoniae isolate. The qnrS1 gene was identified in 23.1 % of the isolates. The genetic environment of qnr genes was also assessed. The qnrB1 genes were systematically found downstream of orf1005, as described previously (Minarini et al., 2008) . The genes qnrB2 and qnrB19 were always associated with the ISCR1 element embedded in a sul1-type integron, whilst IS2 was found directly upstream in all qnrS1. The clonal relationship of the 13 qnr-producing isolates, evaluated by PFGE (Table 1) , showed distinct clonal types.
Resistance to cefotaxime and ceftazidime was observed in 69.2 % of the 13 isolates and to aztreonam in 84.6 % (MICs Sequence analysis of the QRDR in the gyrA and parC genes (Table 2) showed mutations in codons 83 and/or 87 of the gyrA gene in all qnr-positive isolates. Additional substitutions at codon 80 of the parC gene were found in nine isolates. These substitutions explained the differences in MIC values between quinolones and fluoroquinolones in qnr-positive isolates.
Electrophoresis of plasmid DNA extracts from the WT qnrpositive isolates showed plasmids ranging from 2 to 148 kb and one to six plasmids per isolate ( Table 2 ). Transfer of PMQR by conjugation between WT and azide-resistant Escherichia coli J53 was successful for all strains. In nine isolates, only one plasmid-encoded qnr gene was transferred, showing a plasmid of 54-148 kb. As expected, resistance genes were transferred by conjugation, and the transconjugants showed nalidixic acid MICs that varied from 8 to 32 mg l 21 (Table 2 ). The rise in transconjugant MICs for ciprofloxacin and norfloxacin varied, respectively, from 0.06 to 1 mg l 21 and from 0.125 to 2 mg l
21
, a 4-64-fold increase compared with those of the recipient strain Escherichia coli J53.
Association of qnr and ESBL genes in one transferable plasmid was suggestive for six donor isolates, according to the resistance phenotypes displayed by the transconjugants. The ESBL CTX-M types were found in 76.9 % (10/13) of the qnr-positive isolates distributed as: CTX-M-1-like, 7/13 (53.8 %); CTX-M-9-like, 2/13 (15.4 %); and CTX-M-2-like, 1/13 (7.7 %). Escherichia coli 414 showed ESBL SHV-2. No ESBL-encoding genes were identified in Escherichia coli 79 carrying the qnrS1 gene. As expected, SHV-11 was present in all K. pneumoniae isolates.
The aac(69)-Ib-cr gene was detected in 9.4 % (10/106) of the isolates in this collection, especially in K. pneumoniae. The co-existence of qnrB1 and aac(69)-Ib-cr genes was observed in four K. pneumoniae and Enterobacter cloacae isolates, two of each species. In a previous study, Peirano et al. (2011) verified the dissemination of aac(69)-Ib-cr determinants among CTX-M-producing Escherichia coli isolates in Rio de Janeiro. The qnrC, qnrD and qepA genes were not identified in the present study. Plasmids carrying qnr and ESBL determinants are a worldwide concern. A study conducted by Shibl et al. (2012) found qnrA or qnrB in Enterobacteriaceae isolates also harbouring aac(69)-1b-cr and bla CTX-M-15 in Saudi Arabia. These isolates also showed high levels of resistance to ciprofloxacin (MICs .32 mg ml 21 ) due to parC and gyrA mutations. In another study, Lee et al. (2012) detected 20 % qnr genes among a collection of 199 Enterobacteriaceae isolates that were producers of ESBLs or plasmid-mediated AmpC in Hong Kong. These authors observed a strong association between DHA-1 and qnrB.
These findings indicate the dissemination of PMQR genes in clinical isolates collected in the state of Minas Gerais in the south-east region in Brazil. The complexity of horizontal PMQR gene transfer among members of the Enterobacteriaceae isolated in Brazil is illustrated by the remarkable finding of the co-existence of qnrB1 and aac(69)-Ib-cr among related CTX-M-like-1-producing Enterobacter cloacae and K. pneumoniae.
